We report the first detection ofthe lithium resonance line (6708 A) in a field brown dwarf candidate. Brown dwarfs, by definition, do not achieve the core temperatures necessary for stable hydrogen burning. Lithium has a lower fusion temperature than hydrogen and has been proposed as an age indicator for young low-mass stars. The new brown dwarf candidate was discovered from a survey using photographic plates with selection solely based on red colour, which avoids kinematic and hence age bias. Interpreted within the best available models, the presence of lithium and its inferred temperature (2800 ± 200 K) rule out the possibility that it is a younger, premain-sequence star and indicate a mass of 0.065 ± 0.025 M 0 • Its brightness (J = 14.6) will allow high-resolution spectroscopy of lithium and other light elements enabling calibration of the atmospheric and evolutionary models for very low-mass objects.
INTRODUCTION
The discovery of Teide 1 (Rebolo, Zapatero Osorio & Martin 1995) in the Pleiades demonstrated that the hypothesized brown dwarf population does exist and that they are capable of forming as stars in a young Galactic cluster. As a result of its youth (~0.1 Gyr), Teide 1 is spectroscopically similar to a cool MS-9 dwarf and its identification is sensitive to the stellar model used to place it on the Rertzsprung-Russell (RR) diagram. Measurement of lithium in the atmosphere of the star will make the case much stronger. Another recent discovery, G1 229B has a luminosity and spectral signature (Teff ~ 1000 K) that distinguishes it as a very low-mass (~0.04 Mo) companion to an M1 star (Nakajima et al. 1995) .
These two objects were discovered using very different methods; Teide 1 from a CCO survey of an open cluster, G1 229B from a coronographic study of nearby dwarfs. It is not clear that the objects are even of a similar nature, as G1 229B may have formed, like gas giants such as Jupiter, as part of a protostellar system. Although the discovery of these stars adds further constraints to the mass distribution in clusters and binary systems they do not address the questions of how brown dwarfs are distributed throughout the Galaxy and whether they account for a significant fraction of © 1997 RAS local dark (baryonic) matter. For this we need a clearer understanding of the relative importance of highly visible young clusters to the overall bulk of star formation in more dispersed regions (such as Taurus-Auriga) and a better picture of how such clusters relax into the Galactic disc. Certainly, the chance to measure the relative abundance of very low-mass objects in these regions is valuable, but with different environmental conditions we prefer to regard their study as complementary to that of the field population.
The Galactic disc contains a population of stars ranging in age up to perhaps 10 billion years. Even the most luminous brown dwarfs are expected to fade to Mbol~15 (Ml~19) within 1 Gyr. The survey depth possible with current CCO cameras cannot compensate for their small areal coverage, as the relatively low space density of the youngest (and hence detectable) brown dwarf population will fall off rapidly with distance from the Galactic plane. Our approach is to exploit the unrivalled areal coverage of photographic plates to survey the volume of space in the 'Solar neighbourhood'. Since brown dwarfs cool rapidly (in Galactic terms) a photographic survey needs a follow-up program to determine candidate ages. The correlation for disc stars of increasing space motion with age is well known and it is in our interest not to bias our survey towards an older population by selecting nearby stars with large tangential motions.
The presence of lithium in the atmospheres of fully convective (low-mass) stars is closely related to age through the temperature evolution of the star and fusion temperature of the element. Lithium bums at a lower temperature than hydrogen (2 and 5 x 10 6 K respectively) and so should be detectable in pre-main-sequence stars and low-mass brown dwarfs. The atomic Li I resonance doublet at 670.8 nm has been observed in young ( < 5 Myr) T Tauri stars with equivalent widths up to 0.8 A (Martin, Rebolo & MagozzU 1994a ,u8 = 0.015 ± 0.013 arcsec yr-I. The selection was followed by spectroscopic measurements with the 3.9-m Anglo-Australian Telescope between 1995 August 19 and 21 and infrared photometric measurements with IRCAM3 on the UK Infrared Telescope (UKIRT) on 1995 December 7. The RGO spectrograph was used with the 1200R grating to provide a 0.054 nm channel-I spectrum of the 654-708 nm region in order to measure the radial velocity of the star and determine the presence ofHIX emission (656.3 nm) and lithium Li I absorption (670.8 nm). A 30 min integration was made on the first night during photometric, subarcsec conditions (see Fig. 1 ) and a 1000 s integration on the third night to confirm the lithium detection. The 270R grating was also used to obtain a 10 min, 0.34 nm channel-I spectrum of the 567-915 nm region (see Fig. 2 ). The raw data were processed with the FIGARO data reduction package. The star G 1 644C (VB 8) was used as a radial velocity standard (Vrad= + 20 km s-\ Giampapa & Liebert 1986 ) and the velocity of 296A calculated using the XCORR cross-correlation routine. The star G1 752B (VB 10) was used as a secondary standard for internal consistency. For 296A, the measured radial velocity, V rad = + 27.4± 6.3 km S-I. The 656.28-nm HIX feature was found in emission with an equivalent width of 8.5 ± 0.5 A. The 670.8-nm Li I absorption line has an equivalent width of 0.5 ± 0.1 A.
On the basis of the VO absorption feature centred at 744.5 nm we determine the spectral type to be slightly later than that of G165AB (M5.5 and M6 from Kirkpatrick, Henry & McCarthy 1991) and assign it as M6 ± 0.5 V (see Kirkpatrick, Henry & Simons 1995 for a discussion of the method and our Fig. 2 for a comparison of the spectra). The conversion of spectral type or colour to temperature is substantially more complex than for hotter objects because of the necessity to account for strong molecular absorption bands and grain formation. Referring to the discussion of M dwarf temperatures by Tsuji, Ohnaka & Aoki (1996) we adopt the temperature of 2800 ± 200 K as appropriate for an M6V object. The CaH, Na I and Ca II absorption features
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Wavelength Angstroms Figure 1 . Detection of the Li I absorption feature (6707.8 A.) in 296A. The spectrum is compared with an M7 giant (no detectable Li), an M5.5 T Tauri (with Li) and an M7 dwarf (no detectable Li). The measured equivalent width of the Li feature is ~0.5 A.. Figure 2. Spectral type and gravity. 296A is compared to two stars of similar spectral type: a low-gravity giant (BS6020) and a high-gravity dwarf system (Gl 65AB). Gravity sensitive spectral features referred to in Table 1 are indicated.
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at 697.5 nm, 818.3-819.5 nm and 854.2 nm respectively provide a means of crudely assessing the pressure (gravity) of the atmosphere of the star to rule out the possibility that it is a giant. Based on the measured indices presented in Table 1 and comparison with fig. 5 of Steele & Jameson (1995) for Pleiads with similar spectral types, we estimate that the gravity of 296A is no higher than inferred for Pleiads of spectral type M6 which Burrows et al. (1993) calculate to be log (g/cm S-2) ~4.5 ± 0.2. The infrared colours on the CIT system (Casali & Hawarden 1992) ; (H -K)ClT=0.31, ClT=2.83, with uncertainties of 0.05 are also consistent with the spectral type of the star and reveal no infrared excess of the type expected from accreted material around T Tauri stars (Walter et al. 1988 ).
THE MASS AND AGE OF 296A
To determine the mass of 296A we have used the models of Nelson et al. (1993a) which consider lithium depletion (Nelson, Rappaport & Chiang 1993b) . Rather than calculate the lithium abundance of the star by comparison of the measured feature to a theoretical prediction, we have taken the more conservative approach of considering the era during which lithium burning occurs. We define the onset of lithium depletion as the first epoch at which 7Li falls below its initial abundance. The effect of 6Li is neglected because of the lower initial abundance (:::::: 10 per cent) and correspondingly weaker influence on any variation in line strength. Similarly we define the end of lithium depletion to be the epoch at which 7Li reaches zero abundance. Note that this definition includes stars lower than 0.065 Mo in the lithium burning range since they are capable in some cases © 1997 RAS, MNRAS 284, 507-512 of depleting a considerable fraction of their initial abundance with 1 Gyr, according to our chosen model. Our approach is because of reservations about theoretical calculations which predict lithium equivalent widths well in excess of 1 A until lithium is depleted below 10 per cent of its cosmic abundance whereas observations consistently measure less than 0.71 The subtleties of lithium depletion as a result of depths and rates of mixing are not expected to be important below ~0.3 Mo as objects become fully convective. Mixing to the core occurs on a dynamical time-scale which is much shorter than the evolutionary time-scale that determines the central temperature. This is borne-out by observations of the Pleiades (Garcia Lopez et al. 1994) which indicates that the lithium depletion-rotation connection breaks down below ~0.7 Mo. However, predicting the observed lithium strength for a particular abundance is complicated by the difficulties of modelling lithium line formation in cool objects, this is discussed in more detail by Basri, Marcy & Graham (1996) . Furthermore the models do not yet take account of stellar activity. Measurements of the late-type T Tauri V 410 indicate year-to-year variations of Li equivalent width of around 50 per cent (Martin & Claret 1996) . In the light of such uncertainties the present understanding of lithium equivalent widths does not warrant a detailed study of abundance and hence we chose to make our broader assumption.
Model cooling rates determine the mass range of objects which will cool into our inferred temperature range during their lithium-burning period. This sets lower and upper limits on the mass of 296A of 0.045 and 0.095 Mo respectively and gives a possible age between 15 and 200 Myr (see Fig. 3 ). We note that if the star has not yet begun its lithium burning phase then the upper limit to its mass drops to 0.072 M o ' although uncertainty as to the initial lithium burning epoch make our lower mass limit more speculative than the higher bound. A better measure of the lower bound could be obtained via the age-radius-gravity relationship. Our lower gravity limit (see previous section) suggests a lower age limit of log t;<:7.4 with a corresponding mass limit 0.02 0.04 0.06 of around 0.058 Mo. A better measurement of the surface gravity will be a valuable aid in determining the age of this star and its status as a lithium burning object.
The equivalent isochrones for the models by D'antona & Mazzitelli (1994) and Burrows et al. (1993) are plotted lightly on Fig. 3 as dotted and dot-dashed lines respectively (labels are omitted for clarity). The curves suggest that the Nelson et al. model gives the highest upper-mass limit for the given lithium burning era and so can be regarded as the conservative case. Whilst the Burrows et al. model is in reasonable agreement, the D'antona & Mazzitelli model suggests a considerably lower mass range for our temperature limits, though we note the authors' warning regarding the reliability of their effective temperature scale.
The presence of Hx in emission is a common feature of low-mass stars belonging to the young disc population ( < 1 Gyr). The strength of the emission is observed to decline with age (Stauffer, Liebert & Giampapa 1995) and though correlated with photometric colour, the measured spread is sufficient to rule out a simple equivalent width (EW) versus age relation. Based on the study of Stauffer et al. the EW(HIX) for 296A (8.5 A) is consistent with values measured in Pleiades and Hyades members of similar spectral type. Thus 296A is close in age to a typical Pleiades member and is similar to the brown dwarf candidate PPL 15 (Basri et al.1996) .
As yet there is no parallax measurement with which to determine the absolute properties of 296A but in light of the 0.08 0.1 Mass (Solar) noted similarities to PPL 15, in terms of age and temperature estimates, we could adopt a similar luminosity for 296A, i.e., log (LlLo) ~ -2.88. We note that the reported infrared colours of PPL 15 are redder than 296A (/ -K~3.48 and 2.83 respectively) which, for approximately coeval stars may imply a lower age or higher mass for 296A, as opposed to a metallicity difference. TheJHK measurements are closer, however, and the discrepancy may be because of the uncertainty in the photographic / magnitude. Leggett's (1992) young disc relation for ME> / -K gives MK~8.5 which would place 296A approximately 45 pc away. This yields space motions that are reasonable for a young disc star, although the true colour-magnitude relation for 296A is likely to lie away from the young main sequence, reducing the reliability of this estimate.
THE ORIGIN OF 296A
Though 296A is of similar age to the Pleiades it lies in a field at high Galactic latitude (b = -70°), and does not appear to be associated with any pre-main-sequence group or region of star formation. We consider two possible origins; first the local association as defined by Eggen (1992) which includes the Pleiades and IX Persei groups. We rule out membership on the basis of the proper motion and radial velocity of the star which are inconsistent with Eggen's group speed and convergence point measurements.
Secondly we note the presence of a young Galactic cluster C Sculptoris, which lies 10° away from 296A at latitude b = -76°. The cluster has an evolutionary age of 50 Myr and appears to be at the nadir of an orbit with an oscillatory period of 62 Myr and distance of 240 pc (Edvardsson et al. 1995) . No group measurements are available however and in the absence of a parallax measurement for 296A evidence for association based on position and age is weak. Unless the star has been ejected from the cluster the factor of 10 difference in distance estimates should rule out this second candidate. Isolated pre-main-sequence stars, although rare are not unheard of. If such stars have been ejected from star-forming regions they may be expected 'to show unusual space motions, though De La Reza et al. (1989) do not find this in their isolated T Tauri sample. 296A is likely to lie within 100 pc of the Galactic plane which is an easily attainable distance for a star with young disc kinematics, within the age limits that we have set. Thus we can regard the star as a true member of the Galactic field population. Returning briefly to the field/cluster discussion in Section 1, as more of these objects reveal themselves to us, it will be interesting to see how many find their way into the disc via clusters and how many in dispersed, isolated events, as appears to be the case here.
CONCLUSION
296A is the first field brown dwarf candidate to pass the 'lithium test' (Martin et al. 1994b) . Previous field candidates that have been subjected to the test have all been later type dwarfs and have been revealed to be cool main-sequence dwarfs. The motivation behind our programme is in part to study the age distribution of late M dwarfs via kinematic and spectroscopic indicators to test a hypothesis that samples of later field M dwarfs may conceal young brown dwarfs (Hawkins & Bessell 1988) . The emphasis on measuring age rather than temperature (and thus low luminosity) has led us to include this star in our sample. A photographic survey, such as the one in which 296A was detected is well suited to the task of detecting the youngest members of a local cooling brown dwarf population. These stars will be relatively bright (suiting the surveys high flux limit) but distributed close to the Galactic plane with a low space density (suiting the wide field). Being young they would not be expected to show large space motions and will be spectrally similar to M dwarfs as early as M4 (Teff~3150K, Leggett 1992) . A young population, less than say 1 Gyr can only contribute a small fraction of the total space density of the population but being bright the survey volume available to sample them is considerably larger.
Theoretical brown dwarf luminosity functions (for example Laughlin & Bodenheimer 1993 and Nelson et al. 1993a ) typically predict a rise in numbers through later spectral types toward the substellar limit (before plunging again into a regime that is beyond the limit of normal photographic surveys). Thus by including the brighter, earlier candidates in our sample we raise the likelihood of detection in terms of both space density and increased survey volume. Objects detected in this way such as 296A thus present a chance to study not only the local distribution of this population, but as a result of their brightness and ease of observation, to provide valuable measurements in the study of the mixing and depletion of lithium and other light elements.
